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Abstract. Lesmana R, Goenawan H, Tarawan VM, Setiawan |, Hidayat A, Supratman U. 2018. Short Communication: Optimizing culture
and differentiation of L6 cell, C2Ci2 cell, and primary myoblast cells culture. Cell Biol Dev 2: 51-54. Alteration in skeletal muscle function
and structure could result from many chronic diseases, drug treatment, or physical activity. Therefore, understanding the molecular
mechanism of skeletal muscle diseases or the adaptation process will be very important and beneficial. In most cases, for example,
during aging, the imbalance between anabolic and catabolic processes could initiate a decreased muscle mass and change its fiber
structure. Unfortunately, there is no suitable animal model for study, and animal model development is time-consuming at some point.
Next, it is good to study and elaborate a model on disease mechanisms, drug targets, and hormonal effects in skeletal muscle, which is
not easy and tricky. Finally, the promising methods to study molecular biology properties of muscle are using in vitro systems utilizing 2
cell lines derived from mouse (C2C12 myoblast cells) and rat (L6 myoblast. Another establishment technique is using mixed and

isolated single fiber primary myocytes culture.
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INTRODUCTION

Alteration in skeletal muscle function and structure
often occurs due to different chronic diseases, including
cancer, heart failure and diabetes, aging, hormonal
imbalance, and genetic myopathies (Lin et al., 2018;
Demontis et al., 2013). The inflammatory cytokines are
observed due to an imbalance between anabolic and
catabolic processes (Demontis et al., 2013). There are
many unknown mechanisms of hormonal regulation in
controlling the physiological function of skeletal muscle,
like thyroid hormone, mechanism of Emery Dreyfuss,
Duchenne muscular dystrophy (DMD), exercise regulation,
etc. (Bloise et al. 2018).

Limitations in utilizing animal models or performing
experiments in vivo using mice, rats, and rabbits lead
researchers to use cell lines for study. Experiments using in
vitro models, like muscle culture systems, may become a
very good solution (Liu et al., 2017; Rovetta et al., 2013).
Unfortunately, there is limited knowledge to study using
mature muscle cell culture derived from myoblast cell
culture. and elaborate more on the mechanism of disease,
drug target, and hormonal effects in skeletal muscle, and it
is not easy and tricky (Rovetta et al. 2013; Koenig and
Smith 1985). However, to better understand the disease
mechanism in skeletal muscle, the right approach other
than in vivo experiments using mice and rats is needed.
Besides that, the animal ethical issues recommended

reducing, refining, and resizing the number of animals used
in the experiments as motivation to use the cell line as the
best option to work with for study.

Setting an experiment using an in vitro system is one
solution whenever there are difficulties in using mice or
rats as animal models. Moreover, to set skeletal muscle in
vitro experiments, better knowledge about muscle cell line
characteristics is needed. Therefore, this study established
the in vitro study using 2 cell lines derived from mouse:
C2C12 myoblast cells and rat: L6 myoblast cells and mixed
and isolated single fiber primary myocytes culture.

MATERIALS AND METHODS

Cell culture L6 cells

Rat L6 myoblast derived cell line was a more suitable
model for thyroid hormone (TH) study (Koenig and Smith
1985). Therefore, L6 myoblast-derived cells were
maintained at 37° C, with 5% CO, in DMEM supplemented
with 10% Fetal Bovine Serum (FBS) and 100 pg/ml
penicillin-streptomycin  antibiotic. After 3 days of
proliferation with DMEM contained with 10% FBS, the
medium was changed with DMEM contained with 2%
horse serum (HS) for 5-7 days to induce myotubes
formation.
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Cell culture C2Ca2 cells

Mouse C,Ciz myoblasts were maintained under
standard conditions (37 °C, humidified atmosphere, and
5% CO2) in Dulbecco's Modified Eagle's Medium
(DMEM) high-glucose supplemented with 10% Fetal
Bovine serum (FBS) and 100 pg/ml penicillin-streptomycin
antibiotic. Like the Rat L6 differentiation protocol, cells
were cultured and incubated for 5 days in differentiating
medium (DM) with reduced serum content into 2% FBS.
The myotubes were then fixed in absolute methanol for 10
min, stained with 10% Giemsa reactive, and observed using
light microscopy.

Primary skeletal muscle culture cell

For four weeks, old Wistar rats were used in the
experiment; muscles were excised and cleaned briefly from
surrounding connective tissues. Then, muscle tissue was
minced with sharp scissors and digested with protease X1V
(p5147, Sigma Aldrich, USA). Several centrifugations
separated the cells from muscle fiber fragments and tissue
debris. After several layers fractioned count by Percoll
density, cells were plated at 2.10* cells/cm?on a 2 cm Petri
disc coated with poly-I-lysin and used alpha Modified
Eagle Minimum essential. Primary culture myoblast cells
were maintained at 37°C with 5% CO. for 48 hours.
Finally, to differentiate myoblast cells into myocytes,
serum in the medium for differentiation was changed into
2% horse serum and maintained for 5 days (Ono et al.
2015).

RESULTS AND DISCUSSION

Proliferation and differentiation in L6 Cell

L6 cells were seeded with 4.10* cells/cm? density and
followed up its progress using light microscope
observation. Most of the cell shape was round at the
proliferation state, and there was no long structure.

However, after 5 days of differentiation, there are long
tubes formation as a sign of myotubes formation of more
than 65% in one field inspection. (Figure 1).

Proliferation and differentiation in C2.C12 Cell

Next, 5.10* cells/cm? of C,Ci, myoblast cells were
seeded in 6 well plates. During proliferation, most of the
cell shape was round and no long myocyte structure.
However, five days after differentiation began, long
structures as characteristic of myocyte cells were observed
in >80% cell culture (Figure 2).

Proliferation and differentiation in primary myoblast
culture cells

Primary myoblast cells were plated at 2.10* cells/cm? on
the Petri disc. Within 3-4 days, the primary cell showed a
growing process. Most of the cell shape is round and
cylindrical at the proliferation state. After differentiation
for 8-10 days, there was a shift that >90% of myoblast cells
were transformed to myotube cell shape with characteristic
has long tube structure form (Figure 3).

Discussion

Myopathic changes are observed in 30-80% of patients
with hypothyroidism. Patients with more severe or
longstanding untreated hypothyroidism are more likely to
develop clinically significant muscle disease. Physiological
aging also can alter muscle structure and functions (Lin et
al., 2018). Four types of hypothyroid myopathy are found:
Hoffmann syndrome, Kocher-Debre-Semelaigne
syndrome, atrophic form, and myasthenic syndrome

(Udayakumar et al. 2005; Vasconcellos et al. 2003). Those
are an example of muscle diseases with an unclear
mechanism; possibly, the physiological changes appear
before or after the structural adaptation of skeletal muscle.
Mechanisms of underlying pathological or physiological
conditions in skeletal muscle can be studied easier using an
in vitro system.

Figure 1. The different appearance between myoblast (Day 1; left) and after serum in the medium was adjusted and induced cell to

myotubes (Day 5; right) in L6 cells
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Figure 2. The different appearance between myoblast (Day 1; left) and after serum in the medium was adjusted and induced cell to

myotubes (Day 5; right) in C2C12 cells

Figure 3. The different appearance between myoblast at day 2 (left) and myotubes at day 6 (right) in rat primary myoblast culture cell.

The Source of muscle is the soleus muscle

Several types of immortalized muscle cell lines can be
used for experimenting. The L6 cells are derived from rat
myoblast, and the C,Ci, cells are derived from mouse
myoblast; both cells are the most common cell line utilized
for the experiment. Immortalized L6 cells and C,Ci. cells
are cultured in myoblast form; under a specific condition,
the cell will proliferate and differentiate (Rovetta et al.,
2013; Koenig and Smith, 1985). An important key to
getting long-lasting results is knowing every specific
change during this process very well. At the end of the
differentiation state, it is common to see a mixed
population of myoblast and myotubes. Many researchers
used arabinose to eradicate the myoblast from the plate
culture to purify myotubes from myoblast. Next, it was
possible to characterize these cells, mimic situations like in
vivo experiments and set them according to the preferred
experiment.

The limitation of the study utilizing L6 and C,Ca» cells
are immortalized cells, which do not 100% reflect the
physiological type of muscle function. However, primary
myoblast culture or single fiber culture derived from any
muscle can be used to overcome these limitations.
Furthermore, primary myoblast culture showed a higher

response to hormonal treatment, chemical or manipulation,
and its signaling was closer to the in vitro experiment
results (lovine et al., 2012; Minami et al., 2011). Finally,
optimizing protocol and conditions for in vitro experiments
will help us to get the best results in our setting experiment.
Therefore, L6 cell, C,Cq, cell, and primary myoblast
cultures cell could be the answer for studying muscle
physiology and pathology in mice and rats.

REFERENCES

Bloise FF, Oliveira TS, Cordeiro A, Ortiga-Calvalho TM. 2018. Thyroid
hormone play role in sarcopenia and myopathies. Front Physiol 9:
560.

Demontis F, Piccirillo R, Goldberg AL, Perrimon N. 2013. The influence
of skeletal muscle on systemic aging and lifespan. Aging Cell 12 (6):
943-949.

lovine S, Oriente F, Botta G, Carbaro S, lovino V, Paciello O, Viggiano
D, Perruolo G, Formisano P, Beguinot F. 2012. PED/PEA-15 induces
autophagy and mediates TGF-betal effect on muscle cell
differentiation. Cell Death Differ 19 (7): 1127.

Koenig RJ, Smith RJ. 1985. L6 cells as a tissue culture model for thyroid
hormone effects on skeletal muscle metabolism. J Clin Invest 76:
878-881.



54 CELL BIOLOGY & DEVELOPMENT 2 (2): 51-54, December 2018

Lin IH, Chang JL, Hua K, Huang WC, Hsu MT, Chen YF. 2018. Skeletal
muscle in aged mice reveals extensive transformation of muscle gene
expresion. BMC Genet 19 (1): 55.

Liu X, Wang Y, Zhao S, Li X. 2017. Fibroblast Growth Factor 21
Promotes C2C12 Cells Myogenic Differentiation by Enhancing Cell
Cycle Exit. Biomed Res Int 2017: 1648715.

Minami M, Koyama T, Wakayama Y, Fukuhara S, Michizuki N. 2011.
EphrinA/JEphA signal facilitates insulin-like growth factor-1-induced
myogenic  differentiation  through  suppression  of  the
RAS/extracellular signal-regulated kinase 1/2 cascade in myoblast
lines. Mol Biol Cell 22 (18): 3508.

Ono Y, Urata Y, Goto S, Nakagawa S, Humbert PO, Li TS, Zammit PS.
2015. Muscle stem cell fate is controlled by the cell-polarity protein
Scrib. Cell Rep 10 (7): 1135-148.

Rovetta F, Stacchiotti A, Faggi F, Catalani S, Apostoli P, Fanzani A, Aleo
MF. 2013. Toxicology and applied pharmacology cobalt triggers
necrotic cell death and atrophy in skeletal C,C1, myotubes. Toxicol
Appl Pharmacol 271: 196-205.

Udayakumar N, Rameshkumar AC, Sirinivasan AV. 2005. Hoffmann
syndrome: presentation in hypothyroidism. J Postgrad Med 51 (4):
332-333.

Vasconcellos LFR, Peixoto MC, Oliveira TND, Penque G, Leite ACC.
2003. Hoffmann syndrome: pseudohypertrophic myopathy as initial
manifestation of hypothyroidism. Arq Neuropsiquiatr 61 (3-B): 851-
854.



